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This study aims to provide updated national birth weight/gestational age-specific neonatal
mortality reference rates.
Methods: We abstracted the birth registration database from the Ministry of Interior in Taiwan
from 1998 to 2002 and linked the data to the death registration database from the Ministry of
Health and Welfare in Taiwan between 1998 and 2003. We included 1,331,785 infants born be-
tween 20 weeks and 44 weeks of gestation and weighing within the median  2 interquartile
ranges in their age group in this study. We calculated the birth weight/gestational age-specificof Pediatrics, National Taiwan University Hospital and National Taiwan University College of Medi-
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150 S.-T. Hsu et alneonatal mortality rates of different genders by birth weight increments of 250 g and at gesta-
tional age intervals of 1 week. A Poisson regression model was used in modeling the mortality
data.
Results: A total of 4,169 deaths occurred within 28 days of life out of a total of 1,331,785 live
births between 20 weeks and 44 weeks of gestation, giving a neonatal mortality rate (0e27
days) of 3.39 per 1000 live births for males and 2.80 per 1000 for females. The infant mortal-
ity rate remained higher in the male (5.91 per 1000) than the female (5.10 per 1000) popu-
lation within the 1st year of life. Birth weight/gestational age-specific neonatal mortality
rates were plotted with curves representing the 10th and 90th birth weight percentiles. The
risk of an early neonatal death (0e6 days) does not exceed 50% except for female
neonates < 500 g and  23 weeks, which implies that the limit of viability is now at 23 weeks
for females.
Conclusion: We have provided an easy-to-use birth weight/gestational age-specific neonatal
mortality rate chart as a reference document that physicians and parents can use to make
decisions based on ethical considerations relating to whether to give palliative care or
further invasive management. The normative data are crucial for public health policies on
neonatal care in Taiwan.
Copyright ª 2014, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
Neonatal and infant mortality rates are indicators of the
quality of health and welfare of a society over time.1,2
The worldwide estimated infant mortality rates were 35
deaths per 1000 live births in 2012, with the highest rate
in Africa (63 per 1000 live births) and the lowest in Japan
and Scandinavian countries (2.1e2.4 per 1000).3,4 The
disparities between populations reflect economic and so-
cial conditions affecting the health of mothers and neo-
nates as well as the effectiveness of the medical service
system.1,2 Taiwan is an emerging developed country and
initiated the National Health Insurance Program in 1995 to
offer affordable medical care for all residents. The Na-
tional Health Insurance Program covers over 99% of the
population.5 Thus, an up-to-date survey of neonatal and
infant mortality in Taiwan is a useful way to explore the
quality of health care and to make an international
comparison.
Factors that affect survival rate in neonates, especially
premature infants, include gestational age, birth weight,
gender, plurality, and the use of antenatal corticosteroid
therapy. Among these, gestational age is the major factor
in determining viability. Therefore, the birth weight/
gestational age-specific neonatal mortality rate of different
genders has been widely employed by health care pro-
fessionals to identify high-risk pregnancy and neonates
requiring observation and special care.6e11 In addition to
this, it is still difficult to decide upon a viability threshold. A
reliable national reference of survival rates for infants < 25
completed weeks of gestation is essential for clinical
management.
This study aimed to explore the neonatal and infant
mortality rate and establish a birth weight and gestational
age-specific neonatal mortality rate chart based on two
nationwide datasets, namely the birth certificate registry
and death registry datasets.2. Participants and methods2.1. Data sources
The Ministry of the Interior in Taiwan supervises the Taiwan
birth certificate registry, and all live births in Taiwan must
be legally registered. Data include the birthdates of infants
and their parents, gestational age at birth, birth weight,
gender, parity, place of birth, and parental educational
levels. The database has previously been used for epide-
miologic research, and the information regarding infants
and their parents is of reliable quality.12,13
The death registration data were retrieved from the
Ministry of Health and Welfare (formerly the Department of
Health) in Taipei city, Taiwan, which monitors the
completeness and accuracy of the database. The data
contained underlying causes of death, age, sex, and place
of death.
We abstracted the birth certificate registry between
January 1, 1998 and December 31, 2002 and linked it with
the death registry dataset between January 1, 1998 and
December 31, 2003. We calculated the number of deaths
within 1 year of life for each gender and constructed
several graphs regarding birth weight/gestational age-
specific early neonatal, neonatal and infant mortality
rates by birth weight increments of 250 g and gestational
age intervals of 1 week. We defined early neonatal,
neonatal, and infant mortality rates as the number of
deaths per 1000 live births during Days 0e6, Days 0e27 and
within 1 year of age, respectively.
2.2. Study population
We analyzed data from infants born between 20 weeks and
44 weeks of gestation during the period between January 1,
1998 and December 31, 2002. In order to exclude the
Table 1 Characteristics of live births between 20 weeks and 44 weeks of gestation from 1998 to 2002 in Taiwan
(n Z 1,339,951).
Year 1998 1999 2000 2001 2002
Total 262,342 278,400 302,417 253,922 242,870
Outlier 0.6 0.6 0.6 0.6 0.6
Gender
Male 52.1 52.3 52.3 52.1 52.3
Female 47.9 47.7 47.7 47.9 47.7
Multiplicity
Singleton births 97.6 97.4 97.5 97.5 97.4
Twin births 2.3 2.4 2.3 2.4 2.5
Triplet births 0.1 0.2 0.2 0.1 0.1
Parity
Primipara 46.0 45.5 46.7 50.0 50.1
Multipara 54.0 54.5 53.3 50.0 49.9
Paternal nationality
Taiwanese 99.9 99.9 99.6 99.5 99.5
Foreign-born 0.1 0.1 0.4 0.5 0.5
Maternal nationality
Taiwanese 94.7 93.8 92.2 89.0 87.4
Foreign-born 5.3 6.2 7.8 11.0 12.6
Low birth weight 6.3 6.4 6.5 7.1 7.1
Preterm 6.9 7.1 7.6 8.0 8.2
Gestational age (wk)
Median 39 39 39 39 39
Standard deviation 1.75 1.72 1.74 1.75 1.75
Birth weight (g)
Median 3150 3150 3150 3106 3100
Standard deviation 462.2 460.1 461.4 459.8 458.1
Early neonatal death (death/1000)
Male 346 (2.5) 343 (2.4) 375 (2.4) 327 (2.5) 273 (2.2)
Female 247 (2.0) 245 (1.9) 291 (2.0) 255 (2.1) 218 (1.9)
Neonatal death (death/1000)
Male 490 (3.6) 499 (3.4) 522 (3.3) 467 (3.6) 383 (3.0)
Female 348 (2.8) 376 (2.8) 429 (3.0) 360 (3.0) 295 (2.6)
Infant death (death/1000)
Male 861 (6.3) 909 (6.3) 908 (5.8) 787 (6.0) 648 (5.1)
Female 652 (5.2) 677 (5.1) 749 (5.2) 619 (5.1) 528 (4.6)
Data are presented as % or n (%), unless otherwise indicated.
Analysis of neonatal mortality in Taiwan 151extreme outliers from the registry data, we calculated the
mean and interquartile range (IQR) values of birth weight
by different gestational age. We eliminated the data that
were greater or less than the median  2 IQR. ExtremelyTable 2 Poisson regression models for mortality rates by gende
Variables Early neonatal mortality rate
First order Second order
b SE b SE b
Intercept 4.0613 1.5000 4.5760 10.720 3.
Gestational age 0.1545 0.0700 0.3019 0.993 0.
Birth weight 0.0014 0.0007 0.0020 0.007 0.
Gestational age2 0.0061 0.023
Gestational age* birth weight 0.0002 0.0003
Birth weight2 0.0000 0.000
Deviance (degree of freedom) 8.20 (187) 7.27 (184) 7.
Likelihood ratio test: G2 (Ddf) 0.9345 (3)
Superscript 2 indicates square; * indicates multiplication; SE: standarabnormal data < 20 weeks of gestation were also
excluded.7 According to these selection criteria, we
focused on 1,331,785 live births in our study population. We
then linked them with the death registry dataset byr (male).
Neonatal mortality rate Infant mortality rate
First order Second order First order Second order
SE b SE b SE b SE
6605 1.3782 1.6543 9.8456 3.3785 1.2650 1.0470 8.9330
1296 0.0655 0.0271 0.9086 0.1184 0.0596 0.0095 0.8207
0015 0.0006 0.0002 0.0065 0.0013 0.0005 0.0002 0.0057
0.0000 0.0211 0.0007 0.0189
0.0001 0.0003 0.0001 0.0003
0.0000 0.0000 0.0000 0.0000
09 (187) 6.21 (184) 6.02 (187) 5.24 (184)
0.8789 (3) 0.9643 (3)
d error.
Table 3 Poisson regression models for mortality rates by gender (female).
Variables Early neonatal mortality rate Neonatal mortality rate Infant mortality rate
First order Second order First order Second order First order Second order
b SE b SE b SE b SE b SE b SE
Intercept 3.8100 1.3033 6.4920 9.5435 3.0445 1.3914 1.5932 9.1451 2.1904 1.2037 9.1399 6.3727
Gestational age 0.1446 0.0775 0.3948 0.8923 0.0938 0.6630 0.0309 0.8325 0.0658 0.0558 0.6941 0.5729
Birth weight 0.0016 0.0008 0.0002 0.0071 0.0019 0.0007 0.0005 0.0065 0.0015 0.0005 0.0018 0.0044
Gestational age2 0.0062 0.0212 0.0008 0.0193 0.0145 0.0131
Gestational age* birth weight 0.0001 0.0003 0.0001 0.0003 0.0002 0.0002
Birth weight2 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Deviance (degree of freedom) 7.09 (193) 6.95 (190) 5.33 (193) 4.53 (190) 11.7 (193) 10.37 (190)
Likelihood ratio test: G2 (Ddf) 0.14 (3) 0.79 (3) 1.34 (3)
Superscript 2 indicates square; * indicates multiplication; SE: standard error.
152 S.-T. Hsu et alidentification number to obtain the numbers of early
neonatal, neonatal, and infant deaths, finding the numbers
of deaths to be 2,920, 4,169, and 7,338, respectively.
2.3. Statistical analysis
To minimize the impact of small number fluctuations in
infant births and deaths, a Poisson regression model was
used to model the mortality data. The logarithm of a rate
was modeled as a weighted sum of the independent vari-
ables as follows:
First-order model: Log (rate) Z b00þb10*gestational age
þb01*birth weight (1)
Second-order model: Log (rate) Z (b00þb10*gestational
age þb01*birth weight) þ (b20* gestational age2
þb11*gestational age*birth weight þb02*birth weight2) (2)
We performed a likelihood ratio test to measure the
goodness-of-fit and to determine the best fitted model. TheTable 4 Early neonatal mortality rate per 1000 live male birth
Birth weight (g) Ge
20 21 22 23 24
4000þ
3750e4000
3500e3750
3250e3500
3000e3250
2750e3000
2500e2750
2250e2500
2000e2250
1750e2000
1500e1750
1250e1500
1000e1250 444.40
750e1000 1000.0 625.00 537.50
500e750 1000.0 850.00 810.30 753.40 617.10
<500 892.90 948.70 925.90 933.30 916.70
Total 918.90 915.30 848.80 757.10 601.40likelihood ratio test compared the deviance of each two
models by subtracting the smaller deviance (more complex
model) from the larger deviance (simpler model). The value
of the deviance subtracted was being G2, and the value of
the subtracted degree of freedom being Ddf. The differ-
ence was a chi-square test. Statistical significance was set
at p <0.05.
3. Results
Between January 1, 1998 and December 31, 2002 there
were 1,342,203 live births. We excluded 2,252 (0.1 %) live
births prior to 20 weeks of gestation or after 44 weeks of
gestation. A total of 1,339,951 live births met the inclusion
criteria for the study. There were 262,342 live births be-
tween 20 weeks and 44 weeks of gestation in 1998 (52.1%
male), whereas that number decreased to 242,870 in 2002
(52.3% male; Table 1 ). The median gestational age in this
population remained at 39 weeks from 1998 to 2002, and
the median birth weight was 3150 g in 1998 and 3100 g ins between 1998 and 2002 in Taiwan.
stational age (wk)
25 26 27 28 29 30
0.00
0.00 25.60
0.00 74.10 32.50
285.70 100.00 57.70 22.40
0.00 156.90 78.10 51.30 35.00
200.0 230.20 109.20 98.60 100.00 64.50
300.0 188.70 241.20 134.00 116.30 218.80
508.80 395.30 342.90 142.90 0.00 500.00
0.00 1000.0 1000.0 1000.0
365.90 220.00 172.40 99.10 69.20 41.70
Analysis of neonatal mortality in Taiwan 1532002. However, the preterm birth and of newborn with low
birth weight populations showed significant increases be-
tween 1998 and 2002, from 6.9% to 8.2% and from 6.3% to
7.1%, respectively. After excluding 8,166 (0.6%) live births
as outliers, we focused on 1,331,785 live births comprising
695,477 (52.2%) males and 636,308 (47.8%) females. The
early neonatal, neonatal, and infant deaths were 2,920,
4,169 and 7,338, respectively, during the study period. The
early neonatal, neonatal, and infant mortality rates for the
different genders were 2.40 per 1000, 3.39 per 1000, and
5.91 per 1000 live births in males, and 1.97 per 1000, 2.80
per 1000, and 5.10 per 1000 in females, respectively. The
mortality rate remained higher in the male population
within the 1st year of life, whereas there was a general
downward trend for both genders during the study period.
The infant mortality rate decreased from 6.34 per 1000 in
1998 to 5.13 per 1000 in 2002 among the male study pop-
ulation, and from 5.22 per 1000 to 4.59 per 1000 in the
female population.
We used a Poisson regression model to calculate the
birth weight and gestational age-specific mortality rate in
the different genders. The first-order model was the more
closely fitted final model according to the likelihood ratio
test (Tables 2 and 3 ). The final model, for example, for the
early neonatal mortality rate in male was (Table 2):
Log (rate)Z 4.0613e 0.1545*gestational agee 0.0014*birth
weight, (3)
which implied that the estimated value for the early
neonatal mortality rate in males followed an exponential
distribution. Modeling values that exceeded the upper limit
(1000) were replaced by 1000. The birth weight-specific
mortality rate and the gestational age-specific mortality
rate of different genders are presented in Figures S1 and
S2, respectively, in the supplementary material online.
The early neonatal, neonatal and infant mortality rates
decreased significantly in both genders while the birthGestational age (
31 32 33 34 35 36 37 38
1.40 0
0.00 4.40 2.40 0
23.80 8.30 1.10 0
16.10 3.70 0.00 0.20 0
71.40 0.00 8.30 1.60 1.00 0
76.90 13.70 2.70 4.50 1.60 0.70 0
66.70 37.00 0.00 4.00 4.00 1.20 1.40 1
83.30 19.10 16.40 6.50 2.90 3.30 0.70 2
6.90 5.80 10.50 8.20 8.30 2.90 6.00 3
21.40 14.70 14.80 11.30 7.70 8.40 19.00 10
13.40 14.90 32.30 11.80 19.00 8.90 27.80 0
33.70 30.30 17.10 75.30 0.00 0.00 0.00
89.70 34.50 230.80 71.40 0.00
142.90 125.00
0.00
26.70 16.00 16.40 8.40 5.40 2.10 1.10 0weights were approximately  1000 g (Figure S1 in the
supplementary material online), or the gestational age was
> 25 weeks (Figure S2 in the supplementary material
online).
The gestational age-specific early neonatal mortality
rate of male newborns was 757.1 per 1000 at 23 weeks and
601.4 per 1000 at 24 weeks of gestation regardless of birth
weight (Table 4 ). These rates decreased remarkably to
365.9, 99.1 and 16.0 per 1000 in those born at 25 weeks, 28
weeks, and 32 weeks of gestation, respectively. The
gestational age-specific early neonatal mortality rate for
full-term newborns (37e41 complete weeks of gestation)
ranged from 0.5 per 1000 to 1.1 per 1000, whereas it
increased to 2.4 per 1000 for those born at 42 weeks.
Notably, late-preterm newborns (34e36 complete weeks)
also had a higher risk of early neonatal mortality in com-
parison with full-term births, ranging from 2.1 per 1000 to
8.4 per 1000. Furthermore, newborns that were small for
gestational age (SGA; below the 10th percentile of birth
weight) had higher mortality rates compared with those
who were adequate for gestational age (AGA; between the
10th percentile and 90th percentile). The early neonatal
mortality rate, for example, was 395.3 per 1000 in SGA
compared with 188.7 per 1000 in those between 750 g and
1000 g at 26 weeks of gestation. The neonatal and infant
mortality rates relating to male live births are shown in
Table 5 and Table S1 in the supplementary material online.
In comparison with male newborns, females continued
to have a lower risk of gestational age-specific early
neonatal mortality, presenting as 664.43 per 1000 at 23
weeks and 473.17 per 1000 at 24 weeks of gestation (Table
6 ). Showing a similar trend to males, the early neonatal
mortality rate decreased remarkably from 363.64 per 1000
for females born at 25 weeks of gestation, to 94.81 per 1000
at 28 weeks, and to 14.73 per 1000 at 32 weeks. Post-term
female newborns had a higher mortality, ranging 0.87e2.50
per 1000, compared with 0.39e0.85 per 1000 at full-term.
Late-preterm female newborns also exhibited higher riskswk) Total
39 40 41 42 43 44
.90 0.20 0.70 0.00 0.00 0.00 0.00 0.53
.50 0.40 0.30 1.00 0.00 0.00 0.00 0.55
.50 0.40 0.30 0.40 0.00 0.00 0.00 0.52
.60 0.30 0.40 1.00 0.00 0.00 0.00 0.42
.70 0.60 0.60 0.30 0.00 0.00 0.00 0.75
.60 0.70 0.80 0.80 0.00 0.02 0.00 0.82
.30 0.50 0.90 2.50 0.02 0.00 0.00 1.41
.60 3.00 4.00 19.50 0.00 0.00 3.51
.20 10.30 12.00 34.50 0.00 0.00 6.92
.60 0.00 0.00 0.00 14.22
.00 0.00 22.45
46.23
113.60
250.54
613.42
920.00
.70 0.50 0.50 0.70 2.40 2.50 0.00 2.40
Table 5 Neonatal mortality rate per 1000 live male births between 1998 and 2002 in Taiwan.
Birth weight (g) Gestational age (wk)
20 21 22 23 24 25 26 27 28 29 30
4000þ
3750e4000
3500e3750
3250e3500
3000e3250
2750e3000
2500e2750
2250e2500 0.00
2000e2250 0.00 51.30
1750e2000 0.00 111.1 32.50
1500e1750 285.70 150.00 70.50 34.90
1250e1500 0.00 196.10 135.40 85.50 61.20
1000e1250 555.60 200.00 269.80 187.70 150.70 150.0 80.60
750e1000 1000.0 812.50 612.50 414.50 267.90 300.00 247.40 209.3 281.30
500e750 1000.0 850.00 844.80 828.80 760.00 605.30 558.10 342.90 214.30 0.00 750.00
< 500 928.60 948.70 963.00 1000.0 916.70 1000.0 1000.0 1000.0 1000.0
Total 945.9 915.30 883.70 841.80 717.40 469.50 294.80 235.20 160.90 106.40 61.10
154 S.-T. Hsu et alof mortality in comparison with full-term births, ranging
2.36e13.79 per 1000. Furthermore, the early neonatal
mortality rate was also higher in female SGA compared with
AGA, being 260.87 per 1000 when SGA was between 500 g
and 750 g at 28 weeks of gestation compared with 63.43 per
1000 when AGA was between 1000 g and 1250 g at 28 weeks.
The neonatal and infant mortality rates in female live births
are shown in Table 7 and Table S2 in the supplementary
material online.
Table S3 and S4 in the supplementary material online
present the live male and female births by birth weight and
gestational age categories between 1998 and 2002,Table 6 Early neonatal mortality rate per 1000 live female bir
Birth weight (g) Ge
20 21 22 23 24
4000þ
3750e4000
3500e3750
3250e3500
3000e3250
2750e3000
2500e2750
2250e2500
2000e2250
1750e2000
1500e1750
1250e1500
1000e1250 500.0
750e1000 500.00 166.67 340.9
500e750 875.00 916.67 781.25 616.07 476.5
< 500 714.20 937.50 941.18 935.48 1000.0
Total 758.60 931.82 852.94 664.43 473.1respectively, as well as the birth weight values of the 10th
percentile, 50th percentile, and 90th percentiles for each
gestational age interval.4. Discussion
Our study has revealed the early neonatal, neonatal, and
infant mortality rates in Taiwan based on two nationwide
datasets during the period from 1998 to 2002. A birth
weight and gestational age-specific neonatal mortality rate
chart has been established by gender. Infants with pretermths between 1998 and 2002 in Taiwan.
stational age (wk)
25 26 27 28 29 30
0.00
0.00
0.00 83.33
0.00 0.00 76.92
0.00 80.00 17.24 30.43
250.00 238.10 103.17 26.67 24.69
0 357.14 161.76 123.38 63.43 65.73 52.29
1 253.62 157.66 145.83 135.14 95.24 162.79
1 442.18 421.88 400.00 260.87 333.30 142.86
0 777.78 1000.00 0.00
7 363.64 215.47 160.00 94.81 53.17 43.53
Gestational age (wk) Total
31 32 33 34 35 36 37 38 39 40 41 42 43 44
1.40 1.20 0.80 0.90 0.30 2.30 0.0 0.0 0.88
0.00 4.40 3.00 0.70 0.60 0.70 1.20 0.00 0.0 0.0 0.80
31.70 9.70 1.70 0.90 0.80 0.40 0.90 1.10 0.0 0.0 0.85
16.10 11.10 1.70 0.80 1.00 0.60 0.60 1.80 3.10 0.0 0.0 0.82
71.40 7.50 11.10 2.20 1.30 1.20 0.90 1.20 0.60 3.90 0.0 0.0 1.21
76.90 27.40 2.70 5.10 2.90 1.40 0.90 1.50 1.50 1.50 3.20 23.3 0.0 1.47
66.70 37.00 4.10 6.10 5.00 2.30 2.20 2.00 1.10 1.80 7.40 16.50 0.0 0.0 2.32
83.30 19.10 18.20 8.50 5.80 5.50 2.00 3.90 7.10 10.00 19.50 35.70 0.0 5.76
27.60 9.70 14.30 10.80 10.60 5.30 11.90 5.40 10.30 18.10 34.50 0.00 0.0 10.33
21.40 18.70 19.30 17.00 13.50 19.00 28.50 31.90 0.00 0.00 0.00 20.05
17.20 14.90 38.10 19.70 34.10 8.90 27.80 0.00 0.00 29.30
59.90 60.60 34.20 75.30 20.00 0.00 0.00 76.03
141.00 69.00 269.20 71.40 0.00 164.60
285.7 125.0 339.00
0.00 707.60
952.00
39.70 21.30 21.30 11.20 8.00 3.60 1.80 1.20 1.00 0.90 1.40 2.90 2.5 0.0 3.39
Analysis of neonatal mortality in Taiwan 155birth, post-term birth, SGA, and male gender are associated
with a higher mortality rate. These risk factors are
compatible with the reported literature.14e19
The proportion of neonates born < 32 weeks of gestation
was low, but these preterm cases had substantially higher
mortality risks than did term neonates.15,17 An analysis of
20 cohort studies from Asia, Africa, and Latin America be-
tween 1982 and 2010 including 2,015,019 live births showed
that the pooled overall relative risk of early neonatal
mortality for a preterm < 32 weeks of gestation was
16.21.17 In our study, the early neonatal mortality rate was
at least 26.70 per 1000 for preterm < 32 weeks, indicating a
24-fold change or more, using that of 37 weeks as aGestational age (
31 32 33 34 35 36 37 38
5.00 0.7
0.00 1.13 0.0
0.00 24.39 4.80 0.39 0.2
0.00 11.76 2.26 0.66 0.2
0.00 13.16 2.31 0.79 0.58 0.3
0.00 21.74 30.46 3.43 1.11 0.61 0.2
0.00 0.00 19.42 7.21 3.03 1.49 1.03 0.3
0.00 31.91 3.32 5.90 3.93 2.96 0.90 2.1
20.41 7.41 15.08 9.46 3.45 4.08 2.61 2.7
19.42 16.16 6.41 11.29 10.01 7.85 6.30 7.8
27.03 9.51 14.05 33.64 24.49 20.51 0.00 0.0
26.76 9.39 58.82 74.77 24.39 50.00 0.00 0.0
86.42 77.92 98.04 137.90 0.00 0.00
35.71 0.00 142.80
0.00
29.41 14.73 15.74 13.79 5.03 2.36 0.85 0.4reference. However, the risk of an early neonatal death did
not exceed 50% except for male newborns with birth
weights < 500 g and  24 weeks of gestation, or < 500 g and
 23 weeks of gestation in female newborns. These na-
tional data imply that the limit of viability (mortality
rate > 50%) is now at 24 weeks of gestation for males and 23
weeks for females in Taiwan, which is comparable to the
United States.20 In cases of infants being born at 24 weeks
of gestation, the parents would be informed that their in-
fant had a 50% chance of survival. However, these national
data indicate that the chance of survival at 24 weeks is at
least 52% for a female newborn and can even be as high as
66% if she weighs between 750 g and 1000 g.wk) Total
39 40 41 42 43 44
3 0.35 0.64 0.59 0.00 0.00 0.00 0.63
0 0.43 0.43 0.34 0.00 0.00 0.00 0.37
6 0.14 0.69 0.43 0.00 0.00 0.00 0.44
8 0.24 0.13 1.05 0.92 0.00 0.00 0.34
5 0.35 0.61 0.95 1.82 0.00 0.00 0.49
4 0.54 0.73 1.06 0.00 0.00 0.00 0.61
8 0.48 0.73 1.28 4.69 41.00 0.00 0.87
4 1.39 2.91 0.00 0.00 0.00 0.00 2.37
9 4.04 5.83 0.00 0.00 0.00 0.00 5.13
4 0.00 0.00 10.70
0 0.00 0.00 21.09
0 333.00 40.35
87.07
165.53
499.16
894.37
1 0.39 0.57 0.83 0.87 2.50 0.00 1.97
Table 7 Neonatal mortality rate per 1000 live female births between 1998 and 2002 in Taiwan.
Birth weight (g) Gestational age (wk)
20 21 22 23 24 25 26 27 28 29 30
4000þ
3750e4000
3500e3750
3250e3500
3000e3250
2750e3000
2500e2750 0.00
2250e2500 0.00
2000e2250 0.00 83.30
1750e2000 0.00 0.00 107.70
1500e1750 0.00 80.00 69.00 34.80
1250e1500 250.00 238.10 127.00 40.00 37.00
1000e1250 500.00 428.60 220.60 149.40 82.10 75.10 58.80
750e1000 500.00 333.30 409.10 347.80 301.80 213.50 234.20 158.70 209.30
500e750 875.00 916.70 843.80 758.90 630.90 578.20 515.60 433.30 260.90 416.70 285.70
< 500 761.90 968.80 941.20 967.70 1000.0 888.90 1000.0 1000.0
Total 793.10 954.50 882.40 785.20 600.00 477.30 331.50 207.50 128.80 75.50 56.50
156 S.-T. Hsu et alLate preterm birth constituted most instances of pre-
term births and was associated with a smaller but statisti-
cally significant risk of neonatal mortality and
morbidity.21e23 Late preterm birth comprised 79.5% of all
preterm births in our study, which was higher than in the
United States (71%).18 Compared with the neonatal mor-
tality rate at 39 weeks of gestation, male late preterm
newborns were at 11.7-, 8.3-, and 3.7-fold increased risks
of death at 34 weeks, 35 weeks, and 36 weeks of gestation,
respectively, while the increase was even more significant
in female late preterm neonates born at 34 weeks of
gestation (20-fold). This finding was consistent with previ-
ous reports.18 Even for term neonates, the neonatal and
infant mortality rate was slightly higher among those born
at 37 weeks and 38 weeks of gestation compared with those
at 39 weeks of gestation. The relative risk was around
1.4e2.3 for neonatal mortality and 2e4 for infant mortality
in our study and in the reported literature.18 As a result, the
American College of Obstetricians and Gynecologists Com-
mittee suggested that although there were specific in-
dications for delivery prior to 39 weeks of gestation, a non-
medically indicated early-term delivery was not
appropriate.24
Our study showed a substantial improvement in neonatal
and infant survival, even though the preterm rate rose from
6.9% to 8.2% between 1998 and 2002. Effective medical
care services, such as routine prenatal care and testing,
interventions to reduce the mortality and morbidity of
preterm babies, and the affordable cost of intensive care
may be beneficial.5,17 In past decades, neonatal mortality
in Taiwan has been decreasing: from 14.72 per 1000 live
births in 1960, to 6.73 per 1000 in 1970, to 3.21 per 1000 in
1980, and to 2.58 per 1000 in 2010. This follows the
worldwide trend revealed in the Global Burden of Disease
2013 Study.25 Infant mortality rate has also been
decreasing, falling from 34.99 per 1000 live births in 1960,
to 9.83 per 1000 in 1980, and to 4.23 per 1000 in 2010.26
Despite this, infants in Taiwan had a higher risk ofneonatal and infant death (2.79 per 1000 and 4.84 per 1000,
respectively) compared with Asian Americans born to Chi-
nese mothers (2.4 per 1000 and 3.0 per 1000, respectively)
or Korean mothers (2.2 per 1000 and 3.7 per 1000,
respectively) in the United States, but the risk was lower
than those born to Japanese mothers (3.7 per 1000 and 4.9
per 1000, respectively) in 2002.27 The role of ethnic/racial
differences or sociodemographic characteristics is worthy
of detailed investigation.
The sources of birth/death data and differences in
recording criteria are the major challenges to estimating
early neonatal and neonatal mortality. Since 1994, obste-
tricians and midwives have been required to take re-
sponsibility for the registration of births in Taiwan, which
has enhanced the accuracy of the collected data. The
Taiwan birth certificate registry and death registration data
have been previously validated and used for other epide-
miologic research.12,13,28,29 We also attempted to eliminate
any potentially inaccurate values by calculating the mean
and IQR values of birth weight by different gestational ages
and removing cases that were greater or less than median 
2 IQR. Meanwhile, data relating to infants < 20 weeks or >
44 weeks of gestation were not included due to the
controversial definition of births and deaths at borderline
viability and unreliable information at the extremes of
gestational age. The goal of our efforts was to contribute to
accurate vital statistics for neonates in Taiwan.
Our study has some limitations. This study is based on
crude mortality rates that have not been standardized to
control for group variations in maternal risk characteristics.
Our previous study showed that babies born to married
immigrant mothers had favorable neonatal outcomes in
Taiwan, including fewer of low birth weight, fewer preterm
births, and lower risks of early neonatal and neonatal
death, which were not further analyzed in this study.29
Moreover, we have not explored the impacts of parental
age and education, utilization of medical services, and
history of giving birth of preterm or SGA neonates. Further
Gestational age (wk) Total
31 32 33 34 35 36 37 38 39 40 41 42 43 44
5.00 0.70 0.40 1.30 0.60 3.40 0.0 0.0 1.00
0.00 1.10 0.30 0.70 0.60 0.70 0.00 0.0 0.0 0.60
0.00 24.40 7.20 0.40 0.80 0.60 0.80 0.40 0.00 0.0 0.0 0.70
24.40 17.60 2.30 1.20 0.50 0.40 0.30 1.30 0.90 0.0 0.0 0.60
0.00 13.20 2.30 2.00 0.90 0.60 0.60 0.90 1.80 4.60 0.0 0.0 0.80
0.00 21.70 30.50 5.70 1.30 1.20 0.90 0.90 1.00 1.70 0.00 16.9 0.0 1.10
0.00 0.00 19.40 9.00 4.50 1.80 1.60 0.90 1.20 1.70 3.20 9.40 41.7 0.0 1.60
0.00 42.60 3.30 7.90 6.10 4.80 1.60 3.00 3.90 6.40 6.80 17.50 0.0 0.0 4.10
40.80 11.10 16.60 10.30 6.90 6.30 5.70 7.00 9.40 8.70 0.00 0.00 0.0 0.0 8.10
19.40 26.30 10.30 13.80 12.90 11.00 16.80 15.70 0.00 0.00 15.80
29.30 19.00 18.70 45.90 36.70 20.50 52.60 0.00 0.00 0.00 29.70
43.50 14.10 71.90 84.10 24.40 100.00 0.00 0.00 333.00 53.00
111.10 90.90 117.60 137.90 0.00 0.00 105.90
214.30 50.00 142.90 262.60
1000.0 618.10
929.60
42.80 23.20 19.30 16.50 7.60 3.40 1.60 0.90 0.80 0.90 1.30 2.20 5.0 0.0 2.80
Analysis of neonatal mortality in Taiwan 157regularly updated researches are necessary to determine
the disparities in mortality rate between ethnic/racial
groups or sociodemographic characteristics, as well as to
analyze the cause of death.
5. Conclusion
Our study provides the first nationwide birth weight- and
gestational age-specific data for the entire population in
Taiwan that is representative and not biased towards the
outcomes of a particular medical center. The importance of
producing such data is highlighted by the variation in birth
weight-specific mortality by week of gestation. Conse-
quently, it allows for a more accurate prediction of the
survival of neonates depending on their specific gestational
age and estimated/actual birth weight, which assists in
decision-making for obstetricians, neonatologists, and
parents, especially when a preterm delivery is anticipated.
The survival graphs, however, require regular updating to
incorporate any improvements in or changes to the survival
of infants. Further study exploring the current sociodemo-
graphic issues can be initiated based on this mortality
database.
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